Abstract: Slips, trips and falls are one of the most common causes of injuries and fatalities in the general community and industry. The control of such incidents involves a complex array of factors including the characteristics of each individual's footwear and gait dynamics, walking and working surfaces, and environmental conditions. Notwithstanding this complexity, slip resistance properties have been widely measured as a form of coefficient of friction (COF) index at the sliding interface between the shoes and floors. Since the COF measurements were commonly adopted to evaluate slip potentials, it has been found that there were controversies in the interpretation of COF measurement results. This study, therefore, was principally focused on broadening the knowledge base and developing new ideas on which improvements in the validity and reliability of slip resistance measurements might be made. To achieve this goal, crucial problems on the current concept of slip resistance measurement were extensively analysed by a tribological point of view where principle understanding of the shoe-floor friction and wear phenomena could be made. Based on this approach, new theoretical models were suggested.
Introduction
Fall accidents resulting from slips and trips are one of the leading categories of non-traffic accidents in terms of serious injuries and fatalities. They are a primary cause of workplace injury, as well as being one of the leading causes of injury related death for the elderly age 65 and over 1, 2) . There have thus been prolonged efforts to understand the vital causes of such accidents throughout the world. It has been found that the most common precipitating event leading to a fall is a loss of traction between the shoe sole/heel and floor surface and its slip resistance property is measured as a form of coefficient of friction (COF) [3] [4] [5] [6] [7] . Hence, knowledge about friction demand and the friction available has been recognized as a primary key factor for the slip safety evaluation. Since the COF measurements amongst the shoes, floors and environments were adopted to determine whether a slip is to occur, however, there has been ambiguity in the interpretation of the results. Importantly, its measurements and interpretations have been misguided in many researches and practices for fall safety measures. That is, any slip resistance measurements have (1) specific characteristics to any combinations of the shoes-floors-environments (dry and/or contaminated with different agents) and (2) constant changes during entire service and/or test periods. Although the concept of friction is relatively simple and straightforward, its measurement, analysis, and interpretation for solving real-world problems on slips and falls are a quite challenging task. However, one of the most important aspects to address is that the COF measure is not a constant value because friction properties are intrinsically noisy and continuously changed as a function of a complex array of tribological phenomena between the shoes and floors 4, 5) . As a result, initial surface features and material characteristics of both the shoes and floors are frequently and significantly modified from a first moment of contact by surface failures and wear evolutions. Surprisingly, however, there has been little analysis on how friction induced wear developments of the shoe heels and/or floor surfaces affect the slip resistance properties. In addition, slip resistance properties observed at the sliding interfaces between the shoe heels and floor surfaces are diverse and combine various sub-mechanisms of friction and wear events 4, 5, 8) . Hence, it becomes clear that a simple format of friction measurement does not provide an accurate determination of intrinsic properties of slip resistance between the shoes and floors and accordingly has obvious difficulty as an indicator for the fall safety estimate.
In this sense, a fresh insight would be required to systematically search the friction and wear factors for better featuring the slip resistance properties than a commonly practiced mean or averaged COF value. New conceptual foundations for characterizing the slip resistance properties should be based on thorough understanding of fundamental mechanics and mechanisms of tribological characteristics between the shoes and floors. Because surface topographies of the shoes and floors are largely modified throughout the course of repetitive contact-sliding friction processes, this may considerably affect overall friction and wear behaviours and be one of the most important factors on the slip resistance properties [4] [5] [6] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . While controversies around the friction measurement for slipperiness assessment still remain 25) , a tribological classification may provide an objective alternative to overcome the current problems of slip resistance evaluations. Therefore, this study robustly discussed the limitations of present concept on slip resistance measurements and analysed the seriousness of misinterpretations on slip resistance properties that were mainly caused by oversimplified conceptions on friction phenomena between the shoe heels and floor surfaces. Based on those critical analyses, a new paradigm on friction and wear phenomena between the shoes and floors was proposed for future researches on the slip resistance measurements
Major Issues

Definition of a COF
As well-known quantity, a friction coefficient (or coefficient of friction, COF) has long been used as a fall safety indicator or index. It is easy to define, but hard to understand its overall characteristics. Conceptually, the definition of friction is a resistance to motion that occurs whenever one solid body slides over another. That is, a COF is a property of the two interfacing and interacting surfaces and serves as a measure of their micro-and macro-roughness, inter-and intra-molecular forces of attraction and repulsion, and their viscoelastic (polymer and/or elastomer deformation) properties 18, 19) . As such, surface topography of both the materials, areas of contact (nominal and real areas of contact), durations of contact before movement (contact time), velocity of movement, pressure, material types, etc. are major contributing factors to the COF results. The COF is also referred to as either static or dynamic (or kinetic) friction coefficient (SFC and DFC) depending on whether it is a measure of the forces at the instant relative motion begins or after there is a continuous, uniform sliding motion, respectively 15, 16) .
Because of the nature of complexity and factors involved, however, the measured COF quantities show inconsistencies even as the same shoe-floor combinations are employed. This fact has been recognized as a great concern when different friction testers, sensors and/or protocols are used worldwide 8) . However, variations of the COF results under the same test environments have not received much attention in this research area. Despite of this fact, most slip safety researches have reported that a particular shoe or floor surface resists the movement of a particular floor surface or one's shoe sole across its surface. Wherein the co-equal contribution of the footwear or floor is either ignored or not even considered. Hence, it must be stressed that the COF is not a constant for any particular materials, but is typical of two materials sliding against each other under a given set of surface and environmental conditions. Therefore, "what is the COF of this floor?" or "what is the COF of that shoe?" has no meaning at all. The question should be asked either "what kind of shoes were tested against what type of floor surfaces?" or "what is the COF value between this shoe and that floor surface?" It also should be noted that most slip resistance measurements in the literatures have been reported as a routine format of measuring orders such as started from clean and dry surface conditions and then moved into lubricated ones without any specific analysis and/or considerations on friction and wear characteristics of the shoes and floors. From those results, several vital issues could be raised. For example, surface conditions of the shoes and floors tested would be substantially worn and damaged in a way during dry sliding friction. That is, the surfaces of both bodies would have significantly different conditions from their initial ones as the results of repetitive abrasions and deformations. In this condition, the following fundamental questions could be specifically challenged: 1) How will the modified surfaces of shoes and floors affect further slip resistance properties in the clean and dry conditions? 2) How will the worn shoes and floors affect the slip resistance performances in lubricated conditions?
Although it is generally acknowledged that contaminated floors and shoes are more potentially slip hazardous NOVEL CONCEPTS ON FRICTION AND WEAR PHENOMENA BETWEEN THE SHOES AND FLOORS than dry ones, traction mechanisms between both the surface conditions would be significantly different 5, 6, 8) . In the case of contaminated conditions, friction and wear mechanisms are much more complicated and combine several different regimes. Hence, slip resistance measurements and acceptable COF levels need to be separately assessed and determined between the dry and lubricated conditions.
Limitations of a COF index
What does slip resistance mean? The answer seems to generally depend upon who is asked and what measuring devices are used. For those concerned with the definition as it applies to slip resistance between the footwear and floor surfaces, there are many definitions from which to choose. However, all those definitions are simple. If a floor surface meets a static friction coefficient (SFC) and/or dynamic friction coefficient (DFC) value of 0.3 or 0.4 or greater as measured by various types of testers, the flooring product can be classified as "very slip resistant." With this classifying guideline, however, the minimum value of 0.3 or 0.4 actually varies considerably from time to time, causing a great deal of confusion as a safety threshold for manufacturers and consumers. Here is the start of the problem and confusion. Since the 0.4 reference value was established, many different types of testers for the slip resistance measurements have been developed to claim the measure of SFC as well as DFC. Several of these devices reference the 0.4 value as their safety threshold. However, what is an important point to note is that not all the testers will give the same result and should not be used as a basis of comparison by other test devices. Because each tester and/or apparatus has different theoretical and mechanical principles, it seems unreasonable to adopt the reference value without any reference to the instrument used for slip resistance measurements. This means that there is still great uncertainty about what a "safe" value for the COF between the footwear and underfoot surfaces should be. This matter may benefit from a review of the definition of friction from a fresh point of view.
It is also considered that COF values or indices are primarily intended for scientific research, more sophisticated users and for evaluating brand new products 18) . That is, most of the measuring references established are used to focus on brand new products (both shoes and flooring materials) rather than considering "real world service situations." Those situations should include surface degradation of both the footwear and floors caused by normal wear proceedings such as surface failures and material embeddings from the shoe sole into the floor surface and vice versa, maintenance factors and surrounding environments. In particular, there is no existing source of definitive and quantified wear data during slip resistance measures against which test devices can be correlated. Many round-robin comparisons of different instruments have been carried out, but there are still no reliable reference data to point towards the tester that most closely predicts real world performances. Therefore, this matter also should be fully explored for the development of further useful concepts in future.
Average or mean COF
A question rose from the slip resistance measurements is not only a simple matter of friction measurement but also a matter of the primary issues of friction and wear mechanics and mechanisms between the shoes and floors. Therefore, an average or mean COF measure is a quite controversial issue to confine the slip resistance property and seems to oversimplify the whole nature of tribological phenomena observed at the sliding interfaces amongst the shoes, floors and environments. Figure 1 shows a brief example of measurement results of slip resistance between three shoes and a smooth vinyl surface as a function of test time under dry surface conditions. DFCs of the Polyurethane and Nitrile Rubber shoes against the floor counterface were gradually decreased whilst the DFCs of the PVC shoe were steadily increased. For a detailed investigation, the DFC results between the three shoes and the vinyl surface were divided into three stages. Each stage was counted on the basis of ten times of rubbings. When compared the DFC results between the stage I and stage III, there were clear differences in their slip resistance performances.
Statistic comparisons of the average DFC readings were fully compared in Table 1 . In spite of the limited amount of rubbings, the overall DFC values were clearly changed. Amongst the various statistical results, the mean, correlation coefficient, and r-square values showed evident comparisons. Although the three shoes were simply tested against the flooring specimen, their slip resistance properties showed quite distinctive and unique results. If the friction tests were extended further and applied to other types of flooring materials, however, the DFC results amongst them would be much larger so that this result could lead to total misinterpreting of the slip resistance properties.
Frictional force
A frictional force component in the COF measurement is likely to be a highly dependent variable and significantly affected by friction processes. Although a basic concept for computing the COF quantity is that a frictional force increase proportionally to a normal force holding contacting surfaces together, this may not be true under some circumstances 20) . In order to investigate this matter in-depth, it would be necessary to study how the frictional forces are generated when there is an attempt to slide one of the surfaces relative to the other. Figure 2 suggests a contact-sliding model between a shoe heel and floor surface as a microscopic form. As shown in Fig.  2 , the highest asperities of the floor surface penetrate into the heel area and make real areas of contact. If the shoe slides on the floor surface, frictional forces would be produced between the two interfacing surfaces. During repetitive sliding friction, contact areas of the heel surface would be ruptured, deformed and increased by wedgeshaped asperities of the floor surface. As a result, this will significantly affect a basic mechanism of frictional force generation and consequently slip resistance results. This feature indicates that the frictional force would be largely changed during cycled sliding friction even though all the conditions such as same shoes, floors and vertical load are kept constant. Therefore, it is believed that frictional events at the shoe-floor sliding interface would be significantly depended upon the surface topography of 
Theory Developments
A tribological system between the shoe and floor Friction behaviours are the results of extremely complex interactions between the surface and near-surface regions of two materials in contact. Physical, chemical, and mechanical properties in the surface and near-surface regions may well differ from the corresponding bulk properties of parent materials. In addition, these surface and near-surface regions could change radically as a result of interactions of the surface molecules with their environments and with each other throughout the course of repetitive friction processes. As a result, slip resistance properties caused by repetitive rubbings are neither a constant nor an intrinsic character of any particular material compositions, but change constantly.
However, one of the most important aspects on slip resistance properties seems to be a matter of relativity. That is, one flooring material could be more slip resistant than another under one set of conditions, but less slip resistant under another ones. This could be due not only to the shoe material types and changes of surface geometry caused by wear, but also to the surface contaminants. Hence, all the possible forms of tribological characteristics should be analysed in any given walking environments. Both quantities of friction and wear behaviours, e.g. COF and wear rate, should be considered at the same manner because they would be significantly depended upon the following basic groups of parameters: 1) key tribological systems, i.e. material properties of the shoes and floors and relevant tribo-physical and -chemical properties of the system's components (adhesion and deformation) 2) operating variables such as normal load, frictional load, kinematics and kinetics, velocity, operating duration, and contact angle 3) tribological interactions between the shoes and floors such as wear developments and wear induced surface failures and material transfers Figure 3 suggests a tribological system between a shoe heel and floor surface during sliding friction events. As shown in Fig. 3 , there are many factors involved in the sliding interfaces between the shoes and floors. Therefore, any slip resistance measurements should be based on fundamental understanding and thorough investigation of friction and wear phenomena between the shoes and floors.
Primary aspects of wear phenomena
One of the most important characteristics in the shoefloor tribology system would be a material property of the shoes, where the surface topography rapidly changes and continuously produces wear particles during every single sliding. Wear development of the heel surface seems to be a major concern and considerably affect the slip resistance property. Because elastic modulus of the shoe soles/heels is considerably lower than that of flooring materials, it could be assumed that wear behaviours mostly occur at the heel contact areas caused by protuberances on the floor surface. In this situation, the protuberances could be defined as follows: (1) asperities on a floor surface arising from its topography, and/or (2) particles of harder materials from the floor surface partially embedded into a heel surface, and/or (3) possibly lumps of elastomeric or polymeric debris transferred to the floor surface. between a shoe heel and floor surface during repetitive sliding occurrences. As shown in Fig. 4 , it could be presumed that the heel surface would be involved into an immediate wear cycle from an initial contact to particle formations during sliding events. Since the surface changes leading to wear outcomes seem to be mainly caused by forces acting on real areas of contact (RCA), macroscopic operating conditions such as tread patterns and shoe material types could not define the process by themselves. On the other hand, a particular micro-geometry of the heel surface may determine the real contact conditions between the two surfaces under a range of walking conditions. The actual forces working on the RCAs then establish the subsurface stress fields and strain distributions, which could result in the accumulation of damages eventually leading to the removal of wear particles. An important point in this process is that the formation of wear particles seems to be accompanied by gradual and/or abrupt changes of geometry in the heel surface. As a result, a feedback loop as shown in Fig. 4 would be considered during the repetitive sliding friction. The worn heel surfaces will affect the contact sliding conditions and the slip resistance results. Hence, the microgeometry is not a given property, but constantly generated throughout the course of wear evolutions. This seems to cause wide differences in the wear rates often experienced under macroscopically similar type of shoes.
Surface Analyses
Importance of surface analysis
Recent studies have shown that surface roughness have substantial effects on the slip resistance performance between the shoes and floors under various types of walking environments 4-6, 8, 9, 12, 14, 21, 22) . Surface roughness provides necessary drainage spaces to avoid squeeze film formations in contaminated conditions. Proper tread patterns on the heel surface improve traction properties by providing more void spaces for the removal of contaminants and lead to an increase in direct contact with the floor counterface. Hence, any specific macro-roughness or tread patterns have been designed into the heel areas but this would be inadequate in some cases, especially after worn. On the other hand, geometric characteristics of the floor surface could rather drastically enhance the traction performances more than the shoe cases. That is, the floor surface may provide tougher, taller, and sharper asperities, enough to extend upward through lubricating films sufficiently to engage with the bottom areas of heel surfaces in a manner like sandpapers. Hence, surface roughness of the footwear and floor coverings should be fully observed with friction measurements when analysing the slip resistance property.
However, one of the greatest obstacles is that surface topography of both the bodies constantly changes in certain ways during friction measurements. Kim et al. 6) examined this aspect from a wear point of view and found that changes in the DFC results were largely caused by wear developments of the heel surfaces. Manning et al. 14) also showed an interesting result that extended wear on smooth floors could cause polishing and a considerable fall in COF results. In this sense, if the surface characteristics of shoe soles/heels and floors and their interactions could be quantitatively measured and analysed, then our understanding on this complex issue of friction and wear mechanics and mechanisms would be considerably enhanced. Although key theories and model developments, which could be quantitatively possible to predict the slip resistance property from known surface characteristics, for the shoe-floor sliding friction have not reached a perfect stage yet, this approach may not only provide a sound theoretical foundation for the understanding of both the frictional and wear mechanisms but also enhance the reliability of slip resistance measures between the shoes and floor surfaces. On a broader scale, this may also assist the improvement of design aspects of the footwear and floor surfaces that consequently lead to reduction in fall accidents.
Effects of surface roughness on slip resistance properties
Almost all surfaces are rough on a microscopic scale and comprise an aggregation of micro-and macro-asperities. That is, most of the solid surfaces have surface roughness and the variations in surface profile can be represented by a random arrangement of peaks and valleys. When two such surfaces are in contact, they touch only at tiny discrete areas where their highest asperities are in contact 23, 24, 26) . The local pressure at the contact regions is then high enough to cause plastic deformation of the asperities even at the lightest load. If at least one of two sliding surfaces is of a viscoelastic material such as the shoe-floor sliding system, the variation of COF with the normal pressure could have practical consequences. This means that a contact-sliding system between the shoe heel and floor surface would be an elasto-plastic state and have an interlocking mechanism. The interlocking mechanism would be governed by a number of factors such as asperity shape, size and distributions of the shoe heels and floor surface, surface properties, normal load, surface conditions (dry and/or lubricated), and sliding speeds under which the contacts occur. During repeated rubbings, topographic characteristics of both the mating surfaces will be continuously changed by friction and wear processes. That is, as the shoe heel frequently slides over the floor surface, changes in the surface topography may occur at the same place and/or at different positions according to their surface profile structures.
Recently, Kim et al. 6) examined the progressive wear and surface changes of three shoe surfaces during slip resistance measurements. They showed that variations in the surface geometry of the shoe heels had a major effect on the slip resistance properties. Kim and Smith 4, 5) also analysed the topography changes of floor surfaces before and after the slip resistance measurements. They found that embedding of the polymeric materials from shoe heels into the valley areas of floor surfaces was a major cause of the changes of floor surface geometry. Other studies also showed that surface roughness parameters were well correlated with the standard deviation of peak heights and the changes in the surface roughness within the contact areas, as well as the comparative facing of two surfaces between the shoe heels and floor specimens during the dynamic friction tests 8, 9) .
All these studies clearly identified that surface topography of the shoes and floors underwent noticeable changes during the slip resistance measurements. As a result, surface changes of the shoes and floors throughout the course of repeated friction and wear developments had a major effect on the slip resistance results. Those studies also found that wear and wear-induced surface alterations and failures were more severe than expected and occurred at a very early stage of sliding friction. That is, slip resistance properties between the shoes and floors depend not just on the friction when a slip starts, but also on how the friction changes as a slip progresses. Therefore, it becomes evident that surface geometry of both the shoe heels and floor surfaces should be thoroughly analysed with the measurements of slip resistance properties.
Model Development
Major hypotheses
Followings are major assumptions on the development of contact-sliding models between the shoe heel and floor surface: (1) Contact mechanism between the shoe heel and floor surface would be elasto-plastic deformations.
Deformations are assumed to be primarily concentrated on the heel surface, whose elasto-plastic modulus is ten times or more less than that of the floor surface. (2) Tribological behaviors of the shoe-floor pair would be significantly influenced by surface topographies of the floor surface. This concept could be idealized as a contact-sliding model. That is, a soft shoe heel slides over an array of wedge-shaped hard asperities of the floor surface. As the shoe heel touches the floor, high asperities of the floor surface will penetrate into the heel areas and make real areas of contact. If the shoe slides on the floor surface, the surface of the shoe heel will be ruptured and deformed by wedge-shaped asperities of the floor surface. From this model, it could be considered that density of the peak height (denseness of peak asperity within the assessment length) of the floor surface's profile would be a major factor to affecting wear development of the heel surface. In this process, asperity angles of the wedges will play an important role in the configuration of shoe heel deformations. (3) During repetitive sliding friction, topographies of the floor surface also could be affected by several reasons. Amongst various possible causes, deposition of abraded polymer particles from the shoe heel into the cervices of asperities on the floor surface could be one of the most important considerations. This means that valley areas of the floor surface will be one of the vital parameters. Hence, this factor requires thorough investigations and continuous monitoring. Therefore, contact-sliding mechanisms between the shoe heel and floor surface would be significantly depended upon the surface topography of the floor counterface. Based on the above assumptions, the followings suggest friction and wear models between the shoe and floor surface during slip resistance measurements.
Friction model
When a shoe heel is first loaded against a floor surface, initial contact would be made at the peaks of a relatively small number of asperities. Because elastic modulus of the floor surface would be so much greater than that of the shoe heel, peak asperities of the floor surface would penetrate into the heel surface. In this condition, it would be assumed that initial surfaces of both the heel and floor possess Gaussian distributions of asperity heights, respectively. Figure 5 shows a schematic diagram of a contact model between a shoe heel and floor surface with asperity height distributions.
Mutual effects between the two surfaces could be considered as a manner of normal and frictional loading. When gross sliding occurs, the heel surface would be underwent both normal and horizontal displacements. This could be explained by assuming that when the heel surface is displaced from rest it must climb up and pass the forward of asperity slopes. From this condition, following two key components are considered separately. 
where W i is the normal load carried by individual asperities, f p is a function of compression and z i is the separation of the mean planes of the surfaces. The number of asperities with heights between z and z + dz is AnDaϕ(z)dz, and the total load for a separation "d" thus becomes:
where W is the total load, An is nominal contact areas and Da is the density of contour.
(2) Frictional (or tangential) loading The normally loaded contact would be subsequently subjected to a tangential load, applied by moving the shoe heel surface horizontally a distance (d) (see Fig. 6 ). An individual asperity could behave in two different ways depending on its original height. An asperity lower than a limiting height z L would slip and therefore contribute to the total frictional (or tangential) force with F i = µW i . An asperity higher than z L may exhibit partial slip, but has some part of its contact area that is sticking, and is carrying a tangential force that could be a function of the global tangential displacement and the normal compression:
which is valid for loads less than the limiting friction, that is, F i ≤ µW i . When gross sliding occurs, the upper heel surface will udergo both normal and horizontal displacements. This would be explained by assuming that when the shoe heel surface is displaced from rest it must climb up and pass the forward of asperity slopes. That is, the total frictional force is given by
Wear model One of the most important aspects for a model development of the shoe-floor wear mechanism would be that two materials have totally different material characteristics such as hardness. When two such materials are loaded together, two opposed asperities involved in contact-sliding events must be loaded, and therefore stressed to the same level. If the hardness levels of both materials are significantly different, the softer material will deform plastically, but the deformation of the harder one must remain at least nominally elastic. As the load is increased, plastically deforming materials may be work harden. But as long as its current hardness is lower than that of the opposing surface, the harder asperity will remain nominally elastic. Therefore, the softer body could cause subsurface plastic deformation in the harder one. Thus, tribological behaviors during sliding friction would be significantly dependent on the differences in hardness between the two materials.
The above consideration could be applied to the contact-sliding interface between the shoe heel and floor surface. That is, surface topography of the shoe heel would be continuously changed and produced wear particles during every single sliding. Relative sliding would require hard asperities of the floor surface to plough grooves in the surface areas of the shoe heel. In addition, wear phenomena would be severer and unpredictable in the case of new shoes than used ones. Hence, wear growth of the shoe heel would be a major concern and considerably affects the slip resistance property.
Based on those assumptions, a wear model for the shoefloor sliding friction is suggested to the followings: (1) Adhesive wear Adhesive wear will take place when relative movements between the shoe and floor induce breakages of the junction inside the shoe heel rather than at the interface. Adhesive wear will affect only upper layers of the surface, where the tops of asperities break off. (2) Abrasive wear Abrasive wear could be considered as events by displacement of polymeric materials from the shoe heel in relative sliding motion caused by ploughing effects of hard protuberances on the floor surface, such as peak asperities and/or embedded hard particles. Abrasive wear will affect both the upper and lower layers of the heel surface because polymeric materials can be removed from the valley areas as well as from the peak ones. (3) Ploughing Ploughing could take place when abrasion does not include any material removals from the heel surface but only relocation of material. Ploughing will affect both the upper and lower layers of the heel surface because polymeric materials will be moved on the surface, forming peaks and leaving valleys. (4) Fatigue wear Fatigue wear could be occurred when the heel surface has been exposed to a large number of alternating tensile and compressive stresses, which are typical modes for heel striking and sliding for walking phase. That is, as the floor surface has blunt rather sharp projections, the heel surface will undergo cyclic deformations, and surface failures due to fatigue wear eventually will occur. Fatigue wear would affect only the lower layers of the surface because cracks will start from the valleys and form more valley areas. Fatigue wear may differ from the above wear mechanisms being characterized by the formation of large cracks after a critical number of repetitive loadings. Prior to this critical point, only minor or negligible wear would be taken place.
It also would be anticipated that the floor surfaces will be experienced certain types of wear and surface alterations during the repetitive sliding friction. For example, film depositions or transferring of abraded polymer particles from the shoe heel into the floor surface would be one possibility. In this case, material pick-ups would be added to the wear mechanisms. The material pick-ups will prevalently affect the upper layer of the floor surface because deposits of polymeric materials will be added to the peak heights. Hence, wear observation should be extended to surface topography of the floors with the measuring of their bearing areas.
From the above wear model, it seems clear that wear behaviors are directly related to the state of progressive wear and surface alterations of both the bodies. Surface changes could be identified by various ways such as visual inspections of vertical cross-sections through abrasion patterns and numerical measurements in terms of changes in the surface topography.
Conclusion
In order to prevent accidents from slips and falls, an adequate level of slip resistance between the footwear and underfoot surface should be provided. As clearly discussed in the main context, however, a simple format of friction measurement could misrepresent the nature of slip resistance properties between the shoes and floors. Facilitated routine friction measurements from laboratory environments could also oversimplify the intrinsic features of slip resistance properties. Although there has been considerable progress on the understanding of slip resistance properties, it would be probably true to mention that none of the COF measurements reported to date could be regarded as final objective values for any chosen shoe-floor-contaminant combinations.
As long as the controversies around the friction measurement as a format of COF index remains, improvements in the principal concepts and methodologies on slip resistance properties and measurements are urgently required. This should be based on thorough understanding on the nature of tribological phenomena at the sliding interfaces between the shoes and floors and their interactions during slip resistance measures. In this context, therefore, this study was focused on broadening the knowledge base and developing new notions for characterizing the slip resistance properties from a tribological point of view on which improvements in the validity and reliability of the slip resistance measurement might be made. It is wished that suggestions from this study will not only provide a sound theoretical foundation for the understanding of both frictional and wear phenomena between the footwear and underfoot surfaces but also enhance the creditability of overall pedestrian safety.
